D= -—
‘5@ ‘;’ M®=L National Renewable Energy Laboratory
2 Innovation for Our Energy Future

SAM Wind Analysis

Webinar
Tom Ferguson

June 2011

: -
sttt b

NREL is a national laboratory of the U.S. Department of Energy Office of Energy Efficiency and Renewable Energy operated by the Alliance for Sustainable Energy, LLC



Outline >

* Introduction to SAM

* Modeling a wind farm

* Running SAM, Viewing Results
« Advanced Topics

« Demonstration

National Renewable Energy Laboratory Innovation for Our Energy Future



SAM Wind Analysis

INTRODUCTION TO SAM
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What is SAM? L~

The System Advisor Model (SAM) is a free computer program that
calculates a renewable energy system’s hourly energy output
over a single year, and calculates the cost of energy for a renewable
energy project over the life of the project.
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What can you do with SAM? @

 Model solar, wind, and geothermal power systems in a
single application

« Access high-quality performance and economic models
developed by NREL, Sandia, and other partners

« Evaluate and compare options using consistent models
across technologies

e Calculate economic metrics such as LCOE, NPV,
payback for projects in different markets

« Perform parametric and uncertainty analyses

* Present modeling results in graphs and tables

National Renewable Energy Laboratory Innovation for Our Energy Future



Technologies & Markets @

Photovoltaics * Residential, commercial, and
utility-scale projects
« Concentrating Solar Power

- Parabolic Troughs » Installation and operating costs
 Power Towers
» Dish-Stirling

« Tax credit and payment
« Solar Water Heating incentives

*  Wind turbines and farms « Complex electric utility rates

« Geothermal power plants

Key outputs
Key outputs « Levelized Cost of Electricity
_ (LCOE)
 Hourly energy production . Payback
(kWh) o

_ Net present value
- Capacity factor «  Multi-year cash flow 6
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Background @
ENERGY i iNREL ()

MATIONAL REMEWABLE ENERGY LABORATORY

Laboratories

Developed by the Department of Energy, National
Renewable Energy Laboratory, and Sandia National
Laboratories

Vision
— Model different renewable energy projects in a single

platform

— Facilitate technology comparison by handling performance,
costs and financing consistently across technologies

— Make high-quality performance models developed by NREL,
Sandia, and other partners available to the public
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Users and Applications

Feasibility studies

— Project developers, Federal Energy
Management Program

Use as benchmark for other models
— System integrators and utilities

Research projects
— Universities and engineering firms

Plant acceptance testing for parabolic trough
systems

Evaluate technology research opportunities and
grant proposals

— Department of Energy

National Renewable Energy Laboratory

35,000+ Downloads

Manufacturers
Engineering Firms
Consultants
Developers
Venture Capitalists
Policy Analysts
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Current Development Team @

Management Concentrating Solar
— Nate Blair, NREL Power
Programming — Mark Mehos, NREL
— Aron Dobos, NREL — Craig Turchi, NREL
— Steven Janzou, NREL*  Water Heating
— Tom Ferguson, NREL* — Jay Burch, NREL
PV Model Validation — Craig Christensen, NREL
— Chris Cameron, Sandia  Geothermal
Photovoltaics — Chad Augustine, NREL
— Bolko von Roedern, Documentation and User
NREL Support

— Paul Gilman, NREL*

* Contractors 9
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Wind Modeling capabilities in SAM @

SAM has three models related to wind: Small Scale Wind, Utility
Scale Wind, and Wind Turbine Design

« Small scale and Utility scale wind models
— Hourly simulation for one year (8760 hours)
— Require a wind resource data file with wind speed and direction

— Can model more than one turbine including simple wake effects
based on an algorithm developed by Pat Quinlan

* Wind turbine design model
— Focuses on turbine design (component costs vs. efficiency)
— Uses link to external spreadsheet to calculate costs

— No hourly simulation: it uses a Weibull distribution to calculate a
likely annual output

— Single turbine only
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Downloading SAM w

http://www.nrel.gov/analysis/sam
1) Sign in 2) Complete registration form 3) Download

LiNREL

TEOMAL REMEWABLE ENERGY LABORATORY

NREL HOME

T NREL HN=H VTN SCIENCE & TECHNOLOGY | TECHNOLOGY TRANSFER | APPLYING TECHNOLOGIES

Energy Analysis

System-Advisor Model (SAM)

4 S54M Home

Background Download SEAC Sll'ﬂtﬁ‘gic I":llf'l'g‘_.'

Download Current Official Release Analysis Center

System Advisor Model (SAM) Yersion 2011.5.4 is now available. :
SAM Templates Energy Analysis
System Cost Data « Sign in to download SAM 2011.5.4 (Windows XP/Vista/7, Mac OS5 X Intel) Newsletter »

Publications

B FEATURES

Highlights:
Support
Nancing Options including All Equity Partnership Flip,
o Flip, Sale-Leaseback, and Single Cwner.
merged existing financial models into Residential,
PPA, and Independent Power Producer
arithm for one axis tracking PV systems
el can accept hourly energy production input, calculated by

Frequently Asked
Questions {FAQs)

Related Links

Contacts .
s (Generic pow
an external m
+ Added enhanced temperature correction algorithms for CEC PY module
maunting options
& Utility scale wind model with access to hourly wind datasets at various hub
heights
s Added Geothermal Co-Production model for coproducing geothermal power at
the =ite af an oil or gas well
+ More detailed breakout of PV cost inputs 11
* MNumerous bug fixes and usability improvements throughout.
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Getting Help

Online Help and User Guide

— Help menu and buttons

SAM Website

— http://lwww.nrel.gov/analysis/sam

Google Groups

— http://groups.google.com/group/sam-
user-group

Email User Support

— solar.advisor.support@nrel.gov

@ System Advisor Model Help

[=[=] = ]

SAM Help

Contents || Search

° About SAM
[ General Reference
:
® The Main Window
* Manage Cases
Review and Modify Inputs
° Run Simulations

Review Results
Get Help

° Work with MNotes
File Formats

Menus

® Convert from Version 3.0

Working with Numeric Ranges

® Technology and Market Window

Input Page Reference

Configuring Simulations

Results

* Viewing Graphs of Time Series Data
(DView)

Advanced Topics

° References

© 2010 National Renewable Energy
Laboratory

Start a Project i AR (* ]

When you start SAM, it displays a Welcome window with three
options for starting a project.

Start from a sample file creates a project file that contains a
complete set of inputs and results. Each sample file demonstrates
either a feature of the software or one of the technologies.

Start a new project displays the Technology and Market window
where you choose options for a new project file. When you start a
new project in this way, all of the variables on the input pages are
populated with default values, but no results are displayed on the
Results page until you configure and run simulations.

Open a recent file allows you to choose from a list of project files.
The list contains project files that were saved during previous SAM
sessions.

Sample Files

Sample files are a good place to start when you are first learning
SAM. Each sample file contains a set of cases that demonstrate how
to model different types of projects.

When you open a sample file, SAM creates a new project file with
the .zsam extension using the name of the sample file.

SAM displays the software version and the project file name in the
main window's title bar.

Note. When you install SAM, it creates the SAM
Projects folder in your default documents folder and
uses this as the default location for storing project
files. You can change the default project file location
by clicking Preferences in the File Menu.

To open a sample file:

1. On the Welcome page, scroll through the list of sample files,
and double-click the file name for a system or analysis
example.

Start from a sample file

5 Sample Files
Combined Multiple PV Systems Example
= Custom HTF Example

Excel Sample

=
= PV Battery Sterage Sample
DV Shading Evamnle




SAM Wind Analysis

MODELING A WIND FARM
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Initial Screen

SAM'’s current startup screen

— Click the “Create a new file...” button to create a case and choose

the technology option and financing option

© SAM 2011.5.4

File Case Results Simulations Developer Help

LINREL

NATIONAL RENEWABLE EMERGY LABORATORY

Enter a new project name to begin

Iy projeck | [ Create a new file...

The default input walues are intended to illustrate System Advisor's use, The
data are meant to be realistic, but not to represent: values for a specific
project., Input values will vary depending on the market, technology and
geographic location. Mew developments, policy changes, and price wolatilicy
mean that default values may be out of date or inappropriate. Before using
resulks, be sure bo review all inputs and determine whether they are
appropriate For your analysis,

Additional resources for getting started with SAM

N
Open a sample SaM file...

Eollow the discussion at the SAM Google Group...

6 Browse the online help system.. .

Open a recent file

Welcome to SAM 2011

News from the SAM team @ MREL

ay 2011: ihere are the sample files? For SAM
11.5.4, we decided to remove some of the sample files
the list available on the File menu because opening a
ile is effectively the same as creating a new case.
files did not show the full range of technologies
options you can model in Sar, By starting

le file, mary people were not aware of the fUll
options in SAM. When you create a new case or
see all of the available options,

To get started in SAM, click Create Mew File, and then
choose a technalogy and financing option appropriate for
your analysis,

For more on this subject, see the Sak forum topic.

4 May 2011: The SaM team is pleased to announce the
official release of SaM 2011.5.4, This latest version of Sam
includes new financial models for utility-scale power
projects, MREL partnered with & financial consulting firm to
develop models for leveraged partnership flip, all equity

|£

I1.psf {Home /Documents) _hourly_geothermal_test.zsam
{{ psfiHome Documentsjtest_gectherm_co-pro.zsam




Choosing to model wind

1) Click on “Wind”

2) Select the “Utility Scale Wind” sub-category.

financing categories will apj

3) Click on “Utility Market”
4) Select IPP.

ear

With the technology sub-category selected, the appropriate

1. Select a technology:

Photovoltaics
Direct conversion of sunlight to electricity using s

Concentrating Solar Power
CEP systerns use mirrors of lenses
heat source For conwventional bype po

Generic System
The sirnplast plant rrodel that uses a narneplate size an
Factor or user supplied production profile,

Solar Water Heating
Canwersion of sunlight to thermal energy For praducing domestic
hot weater,

Wind
Wlind zysternz capture ensergy frarn blawing wind to tum the
blades of a windmill or torbine,

Smiall Scale Wind
&n houdy wind rodel meant te sinmulate a few small (=
X , 100 kW) turbines providing pewer to 3 home or business,

Utility Scale Wind

An houdy madal meant to simulate a fll scale wind Famn
with large turbines (=500 kW, ower B0 meters tall)
providing poweer to the electricity grid,

' Geothermal
Geotherrnal systermns extract heat energy Fronn the relatively large
heat content of the aarth For conventional power cycles,

Biomass Fower
Caonwersion of biomass feedstocks inta electricity,

2. Select a financing option:

Utility Market
Financial models appropriate For wtility scale power projects,

Independent Power Producer
Thiz option is the same as the Litility IPP fnancing options
in older versions of SAM. & powver generation praject
developed and ovwned by a single entity that sells
alectricity at 2 price negotizted through 2 power purchaze
agreernent (PPA&], You specify a target IRR, with aptional
constraints on the minirmuam DSCR, positive cash Aow, debt
Fraction, etc, SAM calculates the project PPA price, IRR,
and MP%. This option is a simplified version of the Single
Charner option,

Advanced
Advanced financial rodels appropriake for tilicy scale
PuEr projects,

No Financials
Only systern performance outputs are awailable since no financial
analysis is performed,

N

H Cancel ]




Inputs - General w

The case you
created becomes
a tab.

& SAM 2011.5.4: untitled]

File Case Results Simulations Developer Help

S=1ES

% My project %

L

Select Technology and Market. .. [ utility Scale Wind, Independent Power Producer ] 0

System Summary 2 :
raystem S ary

Financing

Mameplate Capacity 4000 |k
Analysis: 30 years

_x"‘i.(
Tax Credit Incentives & Total Direct Cost|  124,588,500.00 |§
Total Installed Cosk | 124,588,800.00 |4

Payment Incentives = Total Installed Cost per Capacity 1,946, 70 |$/kw
o

Analysis Period years
Annual Performance
09 Inflation Rake %
Real Discount Rate °.'"o

Select different
input pages by
clicking an item
in this list

Dregradation: 1 9 per year
A ailability: 100 %6

Wind Resource

Lat: 41.2 Lang: -104.8 Elew: 1868.1m
Diistance from request; 3.9

Wind Farm Specifications
Turbine: W90-2.0

Syrstern Size: B4000.0 ki
Hub Height: 90 m

Input pages specific to wind

Wind Farm Costs
Energy Payment Dispatch

User Yariables

Run the model ‘ 50 50 P




Wind model input requirements @

Hourly weather data for one year

Wind farm capacity

— Selecting a turbine from the wind turbine library, or adding a
turbine to the library (to add a turbine, you will need the
turbine power curve)

— Wind farm layout
System costs: Installation and operating costs

Financial assumptions
— Loan parameters for all projects
— Target IRR for utility projects
— Incentives and tax credits
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Inputs — Wind Resource w

SAM wind requires resource data that covers 8760 hours (1 year)
For western states, SAM can lookup the wind resource data online

€ SAM 2011.5.4: untitled?

File ©Case Results Simulations Developer Help

Use the 03 My project .
A\ Locati on LOO ku p . ." Select Technology and Market. ., ] [ utility Scale Wind, Independent Power Producer ] 0
b utto n to retri eve System Summery z rChoose Wind Resource Location
rESO u rce d ata fo r a Financing g ‘Wind Data File |SP.M,I'cheyenne w2005, syarf \ i |

Analysis: 30 years Drata source | hktp: jfscetast fwsis fwwis?lak=41, 1 48on=-104.528year=2005 \ |

% E
pa rt|C U Ia r Iocat|0 n . Tax Credit Incentives & Date created | 2010-10-14 05:42:21 | Latitude Requested 41.14 deg ’
SAM looks For weather files in the spedified Folders, To Longitude Requested

change the search folders, click "add/Remowve”, The

/

Lacation Lookup, .. ]

Payment Incentives prefix "SAMJ" indicates a location Fram the standard Latitude | 41.175 deq | [ fddjRemave. . |
SaM library, and those preceded by "USER" are stored
in your project File to Facilicate sharing with other Longitude | -104.825 deg | [ Refresh list ]
Annual Performance people.
Distance from request| 3.9 km | [ Copy ta project ]

Dregradation: 1 % per year

Avvailability: 100 36 Elevation 1868.07 m Remave From project

Wind Resource Click here to view map of {Riegquested and {A)ctual locations

Lat: ¢1.2 Long: -104.% Elew: 1368.1 m

Diistance from request: 3.9 rAnnual Average Data

Wind Farm Specifications _Tﬁ Wind speeds at different heights
M L)

Turbine: 490-2.0

Th heckmar: indicates th iate data fo
Swstern Size: G4000,0 kit 10 meters 393137 |mfs tu;igfﬁﬂbch:icgﬁa IF'QD'EﬁeiimsﬂfﬁfTiﬂ{ﬁ: thaeahubr Temperatures at 10m 8.49854 |'C
. height is not appropriate for this wind data, SAM wil
Hub: Height: 90 m 20 meters 5.22085 \mjs use the rnarked data with the appropriate shear Factor
Wind Farm Costs ) ) 50 meters B.57106 |m/fs
P |
Energy Payment Dispatch " View hourly data, ..
o

- rWind Resource Details
User Yariables

Shear Coefficient 0.14 Turbulence Coefficient o |

$
14
e
&

|~
|




Inputs — Wind Farm Specifications ®

Choose a wind turbine from a library of over 70 turbines

© 5AM 2011.5.4: untitled1

File Case Results Simulstions Developer Help

&3 My project ]

-
Select Technology and Market.., | [ Utility Scale Wind, Independent Power Producer ] 0

System Summary E
rwind Turbine ]

Financing ;’jq Model Hame

Analysis: 30 years

¥9o0-2.0: 2000.0 kW, rotor 90.0 m
T T

Tax Credit Incentives & Nameplate Capatity kW 2,000 - T T T T ]
ko Cimster | 90 |

Payment Incentives IEC Class % 1,500 -
F

Annual Performance Cut-in tind Speed |:|me g 1,000 - ~

Degeadationt 1 % per year Hubr Height: m g

Avslsbily: 100 % Cosest avallbleresorcehe| 10 |n 3 gl 7

Wind Resource

Lat: 41,2 Long: - 1045 Elew: 1868.1m o I | | | I

I
Distance from reguest: 3.3 o B 10 15 20 25 30 35 40
Wind Speed (mfs)
Wind Farm Specifications e
T

Turhine: Y90-2.0

rSystem Size

Systern Sizet £4000.0 | Number of Turbines
Hub Height: 90 m Use mare than one wind turbine
System Mameplate Capacity 64000 ki

Wind Farm Costs

r Turbine Farm Layout

wd
Energy Payment Dispatch
" Shape |Squars { Rectangle | Paralielogram v Turbine Layout Map

User Yariables

T T T T T T T T
Hurnber of Rows 2500 F J

Turbines in Layaut 32
3,000 -
Turtie Spacing .
Offsst For Rows m . - . - . - - -
k4
£
Row Origntation l:ldag 1500 - * - * - - - - - b
)
1,000 - -
wind Farm Losses ljl% * - » i > = * %
500 - 4
Losses per turbine Ijlkw =
N of + . - - - - - 4
w‘_;__E I I I | L I I
¥ ] SO0 000 L1500 2,000 2E00 3,000 ZE0D0 4,000
]

meters




Inputs — Wind Farm Costs

Two basic cost categories: installation and M

© sam 2011

File Case Results Simulations Developer  Help

&3 My project % -

Select Technology and Market [ Utility Scale Wind, Independent Power Producer ] 9
System Summary Z

3

rDirect Capital Costs

Financing % Cost Totals

nalysis: 30 years ‘jﬁ Cost of all Turbines Number of Turbines | a2 || $ 115,200,000.00 |
Tax Credit Incentives Per Uit By Capacity Fired

& Instalation \ 5000 $iturbine \ | 0k | | 04 \ | 4 160,000.00 |

Payment Incentives Balance of System | 0 fturbine | | o gk | | 0% ]| 0.0 |

Single Turbine Cost Contingency | 8% | 4 9,228,500.00 |

Annual Performance
ﬁ Fixed Cost per Turbine l:l; Moke: Contingency applies to the sum of the tatal

Degradation: 1 % per year turbine, installation, and balance of syskem costs,

Eorailability: 100 % Cost by capacity 1800 gk

Wind Resource Single Turbine Cost | % 3,600,000.00
Total Direct Cost $ 124,588,500.00
Lotz 41.2 Long: -104.8 Eleu: 18631 m

Distance from request; 3.9

Wind Farm Specifications
.T\r (

rIndirect Capital Costs

% of Direct Cost Non-fixed Cost Fixed Cost Total
Turbine: /90-2.0
g
System Slze: 64000.0 ki Englneer,Procure,Construct‘ 0% | | $0.00 | ‘ $0.00 | | §0.00 |
Hub Haight: 30 m Project, Land, Miscellansous | 0% | | soo0| | so0| | $0.00 |

Wind Farm Costs n

Sales Tax of ‘ 0% | applies to | 100 %

of Direct Cost $0.00
Taotal Indirect Cost $0.00

d
Energy Payment Dispatch "

User Yariables
e rTotal Installed Costs

Total Installed Cast 4 124,588,800.00
Total Installed Cost per Capacity (§/kiv) §1,946.70

rOperation and Maintenance Costs

First Year Cost Escalation Rate (abave inflation)
Fixed Annual Cost mq 0.00 |$fy-r ‘ 0% |
Fixed Cost by Capacity m 50.00 |$fkw-y'r ‘ 0%
Variable Cost by Generation m 0.00 |$IMWh ‘ 0 %
Fossil Fuel Cost TN .00 [gveTy | 0% |

Maotes

1) Escalation rates do not apply ba 02 annual schedules, only First vear values,

Q {".’ i E?- ‘] 2) Fossil fuel cost is nat applicable to PY or Dish Stirling systems, Set to zero For these systems,
2 B e

[ <




Inputs — Financial Assumptions

Financial inputs are entered on three pages: Financing, Tax
Credit Incentives, and Payment Incentives

& SAM 2011.5.4: untitled]

File Case Results Simulations Developer Help

&3 My project % <
Select Technology and Market... ] [ Utility Scale Wind, Independent Power Producer ] o
System Summary z

rGeneral rTaxes and Insurance &

Financing % Analysis Period 30 |vears Federal Tax %,l’year

Inflation Rate 2,50 % Skate Tax %,l’year

Tax Credit Incentives & Real Discount Rate 5,50 (% Sales Tax °.-"o
Morninal Discount: Rate 814 % Insurance °.-"o of inst:

rProperty Tax

% of installed cost Assessed Percent °.-"o of inst:
End of Analysis Period Yalus $0.00 Assessed Value | § 124,588,500.00

Assessed Value Dedine %,l’year
A ailabilivy: 100 %6 Praperty Tax %,l’year

Wind Resource

Analysis: 30 years

Payment Incentives

rSalvage Yalue

Net Salvage Value

nnual Performance

Dregradation: 1 % per year

-Constructi iod
Lat: 41.2 Long: -104.8 Elev: 1868, m onstruction Fertod

. Loan Percent of Up-front Months Prior  Interest Rate Principal Armount Interest Tatal ¢
Distance from request: 3.9 Installed Costs  Fee [3%) ta Operation  [Annual) Financ
Wind Farm Specifications 'f\r-\[(\ Loan 1 0 0 0 0 40,00 40,00 ||
Turbine: W90-2.0 Loan 2 [u] [u] o [u] $0.00 $0.00
System Size: 64000.0 kit Loan 3 0 0 0 0 $0.00 40,00
Hub Height: 30

b et s m Loan 4 0 0 0 0 $0.00 $0.00
wind Farm Costs Loan 5 0 0 0 0 $0.00 $0.00

— Totals: o $0.00 $0.00
Energy Payment Dispatch i
ay Pay! P “ Moks: T veu spadify construction period loang, the sum of percentages in tha Parcant of Installad Costs calumn must aqual 100,
User Variables " rLoan Parameters
-

Instaled Cost | $ 124,588,300.00 Loan Term 20 |years
Construction Financing Cosk $0.00 Loan Rate Yalyear
Principal Amount | § 49,835,520.00 Debt Fraction 40 |

WACC 11.08 |9

L 2 5.'. -.Q.- l]/ [Solution Mode :

£ |

|€

|




Small Scale vs. Utility Scale Wind @

Resource Data

— Small scale wind uses TMY2, TMY3, or EPW data which has
been measured at 10m

— Ultility scale wind uses data from the Western Wind and
Solar Integration Study data which is modeled at heights up
to 200m. The data is based on measurements taken from
2004 to 2006

Markets

— Small scale wind can be modeled in commercial or
residential applications

— Utility scale wind can only be modeled in utility market

Turbine Libraries

— Small scale turbine library has about 16 turbines ranging in
size from 1 to 100 kW

— Utility scale turbine library has about 70 turbines ranging in
size from 400 to 3000 kW



Choosing to model small-scale wind L~

1) Click on “Wind”
2) Select the “Small Scale Wind” sub-category.

— With the technology sub-category selected, the appropriate
financing categories will appear.

3) CI iCk On “CO m m e rCi a I b} 1. Select a technology: 2. Select a financing option:

Residential
& project installed on a residential building that buys and sells
electricity at retail rates, The project cash Aow is based on the
value of electricity purchases offset by the renewable energy
systern, SAM calculates the project LCOE, MPW, and payback
period,

Photovoltaics
Diirect camversion of sunlight to electricity using salar cells,

Concentrating Solar Power
CSP mysterns use ritors ar lenses to Focus sunlight to genarate a

heat source For comventional type power plan Commercial

& project installed on a commercial building that buys and sells
electricity at retail rates and qualifies for the accelerated
depreciation tax benefit, The project cash Aow is based an the
value of electricity purchases offset by the renewable energy
systern, SAM caleulates the project LOOE, MPY, and payback
periad.

Generic System
The simplest plant model that uses 3
Factor or user supplied productic

Solar Water Heating
Conversion of sunlight to thermnal enefgy for producing demestic
hot water,

Wind
Wind systerns capture energy From blowing wind o tum the
blades of & windmill or turbine,

Small Scale Wind
An houy wind model meant to simulate a fesy small (=
100 kW) turbines providing power to a horne or business,

Utility Scale Wind
An hourly medel meant to sirmulate 2 full scale wind Farm
with large turbines (=500 ki, over S0 meters tall)
providing power ta the electricity grid.

Geothermal
Geothetmnal systerns extract heat energy frorn the relatively large
heat content of the earth For comventional power cycles,

Biomass Power
Conversion of biomass feedstocks into electricity.

[ ok l[ Cancel ]




Inputs — Small Scale Wind Resource &

Similar to utility scale wind resource page, but no
capability to look up data online.

File Case Results Simulations Developer Help
&3 My project &3 New CSP Trough Physical Case 1 ¥
Select Technology and Market.., | [ Small scale ¥ind, Commercial ] 0
System Summary E :
rChoose Climate/Location i~
Wind Climate Location |5AM;’CA Blythe 747188TY.csv v \
Uliom RIS RREEIEE €0 GRF, €A Salar Advisor reads weather Files in TMY2, TMY3, and EPW Format. The defaulk weather File
Lat: 33,6 Long: -114.7 Elew: 119.0 m library includes a complete set of TMY2 files For .S locations. To add files For other
— = locations, use the weh links below ta find and download the files, and then dick Refresh lisk
utility Rate ey Add/Remove above to help SAM locate them an your computer,
:
Financing T Makes: Remove from project
Anabysis: 30 years v M Ianoks fo{ weather files in the specfied folders, Ta change the search falders, cick “&de‘RETDVe". The Create TMY3 file
prefix "54M!" indicates a location from the standard SAM library, and those preceded by "USER/" are stored in
Tax Credit Incentives @ wour projeck file ko Faciitate sharing with other people, Lacation Lookup...
Payment Incentives
rLocation Information
Gty Timezane GMT -8 Latitude 33,617 deg
Annual Performance ﬁ
. State Elevation Longtuds | -114.717 deg
ost page and turbine
Aualabilty: 95 36 r'Weather Data Information (Annual)
H small Scale wind Capital Cost
choice / layout pages are ol cle Wi ol Cost o,
Total Installed: § 1,207,708 View houtly data. .
ol Instaled: ¢ Giobal Horizontal 2077.4 |kwhim2 windspeed | 35 mis
- - I t t. I - | Est, per Capaciry (ki § 4,792
Ve ry SI I a r O u I I t , Sca e small Scale Wind System T\[: rwWeb Links
'
H d H Turbine: &GS 15-50 Wind Turbine ' Solar Advisor reads weather files in TMY2, TMY3, and EPW format.
WI n I n p ut pa g es [ System Size: 252.0 ki The default weather File library includes a complete set of TMYZ Files For U. 5. locations.
Hub Height: £0 m ‘¥ou can use the web links below to find weather data for ather locations. After you have downloaded the desired weather Files, click
Electric Load addiremove above to help SAM locate the downloaded weather files on your computer,
. . Annual Energy: 0 kith
D Iffe re nt tu rb I n es a re Annual Peak: 0 kil Bizst weather data For the U.S5. {1200+ locations in TMY¥3 Format)
User Yariables Bist weather data For international lncations (in EPW format)
ava i Ia b I e i n th e S m a I I * .5, satellite-derived weather dsts {10 ki grid cells in THY2 Format)
- . rwind Resource Details
scale turbine library.
Turbulence Coefficient
Height at which Wind was Measured m
Mote: The small-scale wind model requires these additional parameters in addition to hourly wind speed and direction data
= From the weather dats file chosen above.
w5 ==L 2
< | )




Inputs — Small Scale Wind

The market choices for small scale wind are residential
or commercial. This makes two additional input
pages available: “Utility Rate” and “Electric Load”

In the residential and
commercial markets, SAM
assumes that energy
produced will displace
electrical demand.

The “Utility Rate” page
allows you to choose a rate,
or look up a rate from an
online database.

The “Electric Load” page
allows you to enter or
estimate your electric load.

Push F1 for help on each page
for additional information

& SAM 2011.5.4: untitled]

File Case Resufs Simulations Developer Help

&3 My project

&3 New CSP Trough Physical Case 1 %

4

Select Technology and Market... | [ Small Scale Wind, Commercial ] (7]
System Summary E:

OpenEI Online Utility Rate Database rRate Esc: el

’V Search far rates.., G0 to website. . Out-years escalation rate(s) %p’yr
Location: BLYTHE RIVERSIDE CO ARPT, G4 peccrmrt Hotes:
Lat: 32.6 Long: -114.7 Elen: 119.0 [Description
g . m | ‘ 1. Escalation is applied to all utility rate values,
il 7 Name
Utility Rate 9 2. Inflation is included with & sinole valus escalation bt not For an escalation
/ Description | | || schedute.

Financing :;‘J Schedue | | | | - Escalation schedules are yearly nomingl vahues.
Analysis: 30 years Source | ‘

Tax Credit Incentives

Payment Incentives

Annual Performance

Dagradation: 0 % per year
availability: 96 %

Small Scale Wind Capital Costs

Total Installed: § 1,207,705
Est, per Capacity (SN § 4,792

Small Scale Wind System

Turbine: ACC 15-50 Wind Turbine
System Size: 262,0 ki
Hub Height: 60 m

Electric Load . M

Annual Energy: 0 kith
Annual Peale: 0 iy

User Yariables

rNet Metering

rFised Monthly Charges

Fixed Monthly Charge l:h

Mate:

Enable net metering (buy=sell}

Het metering applies to Flat Rate and Time of Use Rate sections.

rFlat Rate

[V]Enable Flat Rates

Flat Buy Rate ik

Fatselfate| 0 [gin

Flat Fuel Adjustment l:lwkwh

r Time of Use Rate (Energy Charge)

[#Enable ToU Rates

Buy $fkivh  Sell $fkvh  adj $llwh

Perind 1 | ol o]l o
Perind2 | o | o]
Period3 | ol o]l o
Perind 4 | o | o]

I
Perind | o | o]
Period 7 | ol o]l o

G s
Perind 9 | ol o]l o

Peak Demand Charges

[¥]Enable Demand Charges

Monthly fixed demand charge ($/kw,peak)

[

|
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Running the model w

Click the green arrow on the bottom left to run the model

SAM diSplays d © SAM 2011.5.4: untitled1
File Case Results Simulations Developer Help

prog ress ba r Wh I Ie &3 My project 2 New CSP Trough Physical Case 1 X
the model IS ru n n I ng [ Select Technology and Market... ] [ Utility Scale Wind, Independent Power Producer ]

System Summary 2 :
rChoose Wind Resource Location

Financing -5 ‘Wind Data File |S.¢\M,l'cheyenne vy 2005, svwrf w |

—_|== 0

[ata source | httpe ffscckest fwsisfwis?lab=41, 1 48Jon=-104, 828year=2005 |

Diate created | 2010-10-14 05:42:21 | Latitude Requested 41.14 deg [ o) (el i, ]
SAM looks For weather files in the specified folders, To Longitude Requested -104,52 deg

change the search folders, click "AddfRemove”. The
prefiz "SaM|" indicates a location fram the standard Latitude | 41,175 deg | [ AddjRemove. . ]
SAM library, and those preceded by "JSER[" are stored
in wour project file to Facilitate sharing with other
people.

Analysis: 30 years

Tax Credit Incentives

Payment Incentives

Langitude -104.825 deg | [ Refresh list ]

Annual Performance

Distance from request | 39 km | [ Zopy to project ]

Dregradation: 0 96 per year
Avvailability: 95 9% Elevation 1865.07 m Remowe from project

Wind Resource Click hete ko view map of (Riequested and {A)ctual locations

Lat: 41.2 Long: -104.& Elew: 1868.1 mi
Distance fram raquest: 3.9

rAnnual Average Data

Wind Farm Specifications _r\r\r\ wind speeds at different heights

Turbine: W30-2.0

Th heckrnark indicates th iate data fo
System Size: 60000 kW 10 meters 393137 |mjs tu,ﬁir?;eﬁﬂbchzicgﬁa IF'rTO'Eﬁiimfdf?ffiﬂ{LT: thaeahubr Temperature at 10m §,49854 |'C
. height is not appropriate For this wind data, SaR will
Hub Height: 0 m 20 meters 5.22065 |mfs uze the matked data with the approptiate shear Factor
wind Farm Costs r S0 meters 6.57106 |m/s
Sl |
i ——
Energy Payment Dispatch = ieiiourtdatosy
>

- ~Wind Resource Details
User Yariables

Shear Coefficient 0.14 Turbulence Coefficent

Run all simulations. ..




Default Result Page w

When SAM completes the model run, it will default to display graphic results

& SAM 2011.5.4: untitled1

File Case Resulks Simulations Developer Help

&3 My project  x

YO u Ca n a IWa ys See [ Select Technology and Market... ] [ utility Scale Wind, Independent Power Producer ] o
System Summary 2 i] Views Graphs and Charts "’ Base Case Cashflow Tabular Data Browser
the most current set > .

of results by clicking | @ || Cemeellee. TLomn Tamwn PR e e
On the A\} ReSUItS" Tax Credit Incentives

Al

14 -
b tt i L CCE Real
Payment Incentives
u O n ¥! 12 [CILcoE real-win incentives) 7
[CILCOE Mominal
L COE(nom-wjo incentives)
| Performance
S juls i
Dregradation: wear
Aovailability: 100 9%
sl i
Wind Resource %
Lat: 41,2 Long: -104. Elewv: 1863, %
o
]
el i

When showing e bt 29

Wind Farm Specifications

results, SAM — |

displays basic w LE=Om

metrlcs On the windfarm Capacity (M) 64,00 My

Annual Energy Production (M) 176,885.60 Mwh " . )

botto m Ieft wind Farm Capacity Factar 316% LCOE Real LCOE heal-wo incentives) LCOE Mominal LCOE(nom-w/o incentives)
Approximate land use {m™2) 75400,0
First vear PPA price 3.85 ¢ikwh
LCOE Marminal 9.84 tkwh LCOE (Base Case) After Tax Cashflow (Base | Monthly Output (Base Case Annual Dutput (Base Case] First Year Energy by TOD (| First ¥ 5
LCOE Real 7.64 tkivh B [ i I | LLARRR RN, 150
After-tax IRR. 15,00 % =T —_ - . ' .
Pre-tax min DSCR 1.55 g A— 4 = ] I I a3 B
After-tax NPY $ 16,684,680.18 ) e ——————— _'m% REToTTTT—— pET—— : e :
FFA price escalation 1.20 % 3
Debt Fraction 40,00 % < | 5




Results — Default Graphs w

SAM creates several | | -
graphs by default, .

L0 Real

CILCoEreal-wio incentives)
F [ELCoE Maominal b
L - oE(nom-w o incenkives)

n . n
showing financial and |
=
- £ s i
=
ener eneration results g
[
E st -
a4k .
2k .
a " "
LZOE Real LCCE(real-w/a incentives)  LSOE Mominal  LSCE(nom-wia incentives)
After Tax Cashflow {Base Case) Monthly Dutput (Base Case)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 25,000,000 T T T T T T T T T
40,000,000 —
20,000,000
20,000,000 -
a I...-_______ ______ I O T 15,000,000
=
s =
20,000,000 |- -
10,000,000
-40,000,000
E.000,000
60,000,000
10 PP T [y [ [y [ [ [y [y [y [ [y [ [ [y [ [ [y Sy [y [y [y [ | i}
012 245 & 7 £ 9 10111212 1415 16 17 12 19 20 21 22 22 24 20 26 27 22 29 20




Results — Tabular Cash Flow w

Numeric values can easily be viewed and exported

= SA [) b 11 i
File Case Results Simulations Reports Developer Help
Select 43 My project % i
\ Ba Se Ca Se Ca S hfl OW" Select Technology and Market. ., ] [ Utility Scale Wind, Independent Power Producer ] (7]
O r System Summary Z lj ‘Wigw Graphs and Charts { Base Case Cashflow IEEI Tabular Data Browser
\\T b I D t B 1/4 Financing F ; - [ Copy to clipboard ] [ Save as C5W.. ] [ Send to Excel ]
abular Data Browser A ., 1 . : : -
to VleW nu merlc data Tan Credit Incentives Energy (kwh) 0 168,041,324 168,041,324 168,041,324 168,041,324 168
Energy Price (&/kWh) 0 0.076 0.077 0.078 0.079
Energy ¥alue {$) 0 12,795,493.74 12,952,075.66 13,107,500.57 13,264,790.58 13,42 —
Payment Incentives
DOperating Expenses
Recapitalization i} i} 1] i} i}
Annual Performance Fired O&M Annual i 0 0 0 0
Degradation: 0 % per year Fixed D&M i 3,200,000 3,248,000 3,206,720 3,346,170.8| 3,30
fwsilabilivy: 35 % ¥ariable 0O&M a0 0 0 a a
Fuel D&M o o a o u]
Wind Resource Insurance 0 1,245,885 1,264,576.32| 1,283,544.96 1,302,798.14 1,32
Lats 41.2 Long: -104.8 Elev: 1968.1 m Property Assessed Yalue 0 124,583,600 124,588,800 124,586,800 124,588,800 124,
Distance From request; 3.4 0 Property Taxes 0 1,245,838 1,245,838 1,245,388 1,245,888 1
Metk Salvage Yalue i} i} 1] i} i}
Wind Farm Specifications T\h( Total Dperating Expenses i 5,601,776 5,758,464.32  5,026,152.96 5,004,856.94 5,96
Turbine: W90-2.0
Systern Size: 64000,0 ki Operating Income o 7,106,717.74 7,193,611.34 7,281,347.6 7,369,933.64 745
Hub Height: 90 m -
. Financing
- Debt Balance o -49,535,520 -45,746,503.51 -47,570,366.33 -46,300,137.54 -44,92
4 = o -.QT ij Debt Interest Payment 0 3,986,841.6 3,899,720.3 3,805,629.31 3,704,011,03 3,59
Debt Repayment o 1,089,016.19 1,176,137.49 1,270,225.48 1,371,846.76 1,4
Debt Total Payment 0| 5,075,857.79) 5,075,857.79| 5,075,857.79| 5,075,857.79) 5,07
Windfarm Capacity (W) 64,00 Ty
Annual Energy Production (Mwh) 176,535.60 Mwh Federal IBI 1]
'wind Farm Capacity Fackor 1.6 % State IBI o
ﬁpptroximasspl‘anc.l use (™2} ;SSZDD}iWh Utility IBI 0
IrsE year FICE .
COE Nomil B.64 Lkwh Other B 0
LCOE Real 7.26 tikwh Total IBX i]
After-tax IRR 15.50 %
Pre-tax min DSCR 1.40 Federal CBI 0
After-tax MPY $22,379,594.95 State CBI a
FPA price escalation 1,20 % Utility CBI i} 3
Diebt Fraction 40,00 % 3 | = - _




/

Results — Tabular Data Browser L~

Numeric values can easily be viewed and exported

© SAM 2011.6.23: untitled]

Eile Case Resulks Simulations Reports Developer Help
&2 My project X ¥
Select Technology and Market. .. ] [ Ukility Scale Wind, Independent Power Producer ] o
System Summary Z * i] Yiew Graphs and Charts 0 Base Case Cashflow Tabular Data Browser
Financing - Eo Choose Simulation: |Base Case v| [ Copy ko clipboard ] [ Save a5 CSY L. ] [ cend to Excel ]
Analysis: 40 years Hourly Energy (kWh) Wind Yelocity {m/s), Hourly L
Tax Credit Incentives & Metrics 1 0 7.61633 B
& &> Monthly Data 2 17773.7 7.6376
&> Annual Data 3 21733.6 8.23463
Payment Incentives & Data: 101 values 4 30143.8 9,14825
= & Hourly Data 5 29525, a.0712
¥ Hourly Enery (kitth) 6 26428.3 8.95993
Annual Performance - W!nd DIrBCtIDn. (.D-Sﬁn)J Hourly = 20760 9.10568
I~ wind Farm Efficiency (%), Hoo
Degradation: 0 % per year ¥ wind Welocity (m/s), Hourly i Ui EhilZ]
Anwailabilivy: 95 % g 27498.8 B.83062
10 157258.5 7.35578
Wind Resource 11 8975.59 622656
Lat: 41,2 Long: -10408 Elew: 1868.1 m 12 14153.8 743427
Distance from request: 3.9 0 13 272064 9.2222
14 39996, 1 10,1919
Wind Farm Specifications T\F\F 15 447212 11.1502
Turbine: V02,0 : 16 451717 11.2214
Systern Size: G4000,0 kit 17 44586.5 11.1089
Hub Height: 90 z 18 48924.4 11,8292
— 19 51661.7 15.4973
- 20 51557.3 20,0877
.y -Q- i_] : 21 51563.2 21,2344
- Y 5 22 51657.6 18,4789
‘windFarm Capacity (MW 64,00 MW 24 51968.2 19,8839
annual Energy Production (Myh) 176,385,60 Mwh 25 52276 18,9579
'Wind Farm Capacity Factor 31.6 % 26 524564 16,9133
Approximate land use (m™2) 75400.0 27 cociz. 3 14,4123
fgztg;ar Fp’? price ;:i Em: 28 51485.3 11.9458
ominal .
LCOE Real 7.26 ¢fkih 29 51600.4 11,9524
after-tax IRR 15,50 % 30 SlsEL2 il EEEE
Pre-tax min DSCR 1,40 31 513731 11.6621
After-tax MPY 4 22,379,594.33 32 523593.8 12,4752
PP# price escalation 1,20 % < | > 33 51980,2 12,1119
Debt Fraction 40.00 % Clear all 34 50043.5 11,348 2




SAM Wind Analysis

ADVANCED TOPICS

National Renewable Energy Laboratory Innovation for Our Energy Future



Advanced Topics - DView w

Monthly Statistics for Speed 10m

PDF of Speed 100m

25 14
max
20 T daily high 12
@ mean
£ T [ 1] i 10-
151 daily low —
§ l min S’S
& > 6-
5 s
J .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann 2]
0
Diurnal Profile ' Diurnal Profile Diurnal Profile 0 5 Spleoed 100m (rlnsls) 20 25
Jan Feb Annual
i gl 55 e e 1 SAM comes with DView, which allows for
° ° o ki i i many advanced views of the wind
° ® ° resource data. DView can be accessed
ST s 2 66 12 1 2 6 12 18 24 by clicking the “View hourly data...”
button on the Wind Resource page
25
’\U? 20 o~ A\ A
£
\g 15 J \ nfl\"\ A, A %
183 10 Aﬂ, V\'\Q\‘ [ \ nlv /V \ \N |, \\/
i/ w o A\ WAL A/ M |V
Vv l\] v V'V VA V U
0% 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
March April




Advanced Topics — Simulations w

Most advanced modeling techniques are accessed
through the “Simulations” menu, or the “"Configure
Simulations” button on the bottom left

& SAM 2011.5.4: untitled1

File Case Results Simulations Developer Help

¥ My project ¥

Select Technology and Market. .. ] [ Utility Scale Wind, Independent Power Producer ] 9

System Summary Z A - ? L % ﬂ ';‘. .

Parametrics Sensitivity Optimization Statistical Multiple Systems Excel Exchange Simulator Options

Financing B

Analysis: 30 years [ Add Statistical Simulation ] [ Clear all ]

Tax Credit Incentives

Analysis Setup
Remove Simulation

Select output metrics: LCOE Real

Payment Incentives Enable this simulation

Compute Samples. ..

Annual Performance Remove

Dregradation: 0 % per year ) o -
awsilabily: 33 % Select input distributions: Cost by capacity { Mormal [1800,270] )

Wind Resource
Lat: 41.2 Long: - 104, Elew: 1868.1 m Edit...
Diistance fromn request: 3,9 Remaove
wind Farm Specifications r\h(
T

Turbine: W90-2.0
Systern Size: G4000.0 ki
Hub Height: 90 m

Edit...
Wind Farm Costs

CO nfi g u re Energy Payment Dispatch
SimUIationS ser ¥Yariables
button

L
D
o
o
o
Q
@
o
=
a
)y

Remave

Mumber of sampled values per variable: 100

Seed value (-1 for random):




Advanced Topics - Uncertainty w

Real LCOE

Cost by capacity=1200 [+ 10%)

Graphic outputs
from uncertainty
modeling in SAM

Installation Cost per turbine=15000 (+- 109 [

Fixed Cost by Capacity=50 [+- 109 [

IiLCOE Real, Inputs Reduced
O

LCOE Real, Inputs Increased -

1 1 | | 1 | 1 | | | | 1
EF E.8 %] 7 kst .2 73 T4 75 T 7 e

Levelized Cost of Energy (fkiwh)

Annual Dutput (kwh)

70,000,000 T T T T T T T T T T T T T T T T T — T T T T T T T T T T T T
68,000,000 —
66,000,000 7 -
I &nnual Energy (kiwh) {Wwind Data File=SaMjcheyenne wy_2005, swrfl
[ annual Energy (kiwh) {wind Data File=SaM{laramis wy_2005, swrfl _
[ annual Eneray (kiwh) {wind Data File=SaM{lvman wy_2005,swrfk -
64,000,000 = i
[l nnual Energy (kiwh) {wind Daka File=SaMsanta fe nm_2005, swrfl LEDE REHI HISthI‘EI'I'I,."' EDF {Stﬂt. 1]
I &zl Energy (kiwh) {wind Data File=S8Mjwasco or_2005. swrft T T T T T T T T T T T 1
[l &nnual Energy (kWh) {Wwind Data File=C:\Documents and Settings) Administrator jSAMWEfuma co_2006, swrfk
62,000,000 - .LCOE Real 1
120 - (Wl Estimated COF los
£0,000,000 — J
=
z 100 0k
E8,000,000 [ i -
iy
[ U
56,000,000 — (i) 0.4 L
2 5
T B0 - ]
54,000,000 - - w —0.2
52,000,000 — ] — == — 0
& R &
- o o o o
£0,000,000 - - 2 e £ & 2
- o o o o
48,000,000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L L L 1 1 1 1 1 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50 55 60 65 FO FS 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 {75 180 |
Farm Orientation (degress) LZ2E Rea



Advanced Topics - Other @

Excel Exchange

— SAM has the capability to send values to, and receive values from
an Excel spreadsheet when running in Windows

— Costs can be calculated externally based on SAM inputs, then the
costs can be automatically updated on SAM'’s cost input page
Scripting — SAMUL
— Alanguage, similar to VBA, that allows a user to control SAM runs
— Easier than using the full API, since no external development
environment is necessary
API
— SAM has a full featured Application Programming Interface

— SAM will generate example code in C, VBA, Phython, and Matlab
to show how to run a SAM analysis

See help and sample files for more information



Thank You! L~

SAM Wind Analysis
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